Alterations in the composition of the serum proteins in hepatic disease have been studied by numerous workers using the electrophoretic method (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . The present investigation was undertaken to determine the changes in the serum proteins in portal cirrhosis by serial electrophoretic analyses during the course of prolonged medical management.
METHODS
Electrophoretic runs were performed with standard apparatus and technique, the experimental details having been given in an earlier report (11) . The tests of hepatic function were performed by the usual methods as previously described (11) , alkaline phosphatase being reported in Bodansky units.
CASE MATERIAL
The ten cases of the present study were all chronic alcoholics considered to have proven portal cirrhosis. The diagnosis was confirmed histologically by VimSilverman needle biopsy of the liver in seven of the ten cases, and in one patient (R. M. S.) also by autopsy. In one case (P. F.) the cirrhotic liver was visualized by peritoneoscopy and subsequently during an umbilical herniorrhaphy, but tissue for biopsy was not obtained. In two clinically typical cases (J. H. and C. R.), needle biopsy was attempted, yielding minute amounts of fibrous tissue considered insufficient for histologic diagnosis.
The ten cases were divided into two groups.
Group I. Five patients with hepatic insufficiency and ascites were studied with serial electrophoretic analyses of the serum proteins and various tests of hepatic function during the course of medical management for periods ranging up to ten months. The initial electrophoretic analysis designated as "Day 04" was carried out before or very early in the course of medical management. Although a few patients had re-1 This investigation has been made with the assistance of a grant from the Committee on Therapeutic Research, Council on Pharmacy and Chemistry, of the American Medical Association. 2 Present address: Department of Medicine, Harvard Medical School, Boston, Mass. ceived some form of therapy elsewhere prior to study, with one exception none had followed an adequate dietary regime for any appreciable period.
Group II. Five patients were studied after sustained clinical recovery under medical management. These individuals had been severely ill with hepatic insufficiency; ascites requiring paracenteses had been present in four, and pronounced jaundice in one. With treatment they had clinically recovered and had remained asymptomatic for more than two years.
THERAPEUTIC REGIME
The basic therapeutic regime consisted of a diet high in protein, carbohydrate and calories, containing 120 to 150 grams of protein, 350 to 450 grams of carbohydrate, a total of 3000 to 3500 calories, supplemented by 4 to 6 grams of choline chloride per day. The intake of sodium was restricted to 500 mg. per day in the patients in Group I as long as clinical evidence of ascites remained. The dietary regime was rigidly enforced during the hospital stay; after discharge patients were strongly urged to adhere to the diet, and were closely followed with numerous clinic visits. Not more than one paracentesis was done on any patient during the study; mercurial diuretics were used infrequently.
Other measures such as infusions of plasma or human albumin were employed as noted below. Salt-poor concentrated human albumin was given as a 25%o solution by slow intravenous infusion.
RESULTS
Group I. The initial electrophoretic analyses (Day 0) disclosed marked diminutions of the albumin fractions and elevations of the gammaglobulin fractions; the beta-globulins were somewhat less elevated (cf. normal serum, Figure 6 and Table VI The serial electrophoretic patterns (Figure 3  and Table III ) indicated a very gradual change in the direction of normal, but after the relatively asymptomatic period of five months, the pattern still remained markedly abnormal with a pronounced elevation of the gamma-globulin fraction (Day 304).
R. M. S.--43 year old male. Manifestations of cirrhosis had been present for more than two years with spider angiomata, episodes of jaundice, melena, edema and ascites necessitating paracentesis. Prior to admission, the patient had received elsewhere plasma, choline, and Vitamin K, as well as dietary treatment. The ascites disappeared after medical management including plasma infusions (3000 cc. in nine days). Just of albumin and gamma-globulin, and in the absolute amounts of alpha-2-and beta-globulins (Figure 4 and Table IV) . P. F.-51 year old male. Ascites had been present for nine months and was increasing despite repeated paracenteses. On admission, the patient had anasarca and massive ascites, but unlike the other subjects in the group, the serum bilirubin was not elevated.
From Day 0 through Day 86 the patient received a "regular" diet (C 293, P 70, F 62, Cal. 2010) which was, nevertheless, more than he had his former occupation. A partially strangulated umbilical hernia was repaired on Day 212 with uneventful recovery. In spite of this episode the final electrophoretic analysis of Day 241 indicated a higher absolute value for serum albumin than at any time prior to institution of the human albumin therapy, and a higher total protein than at any time. Six months after the last albumin infusion the patient remained well, having gained weight with no recurrence of edema or ascites.
Group II. The five cases of portal cirrhosis with long-term clinical recovery under medical management are summarized briefly in Figure 6 . The patients had been severely ill with hepatic insufficiency before treatment; four had ascites requiring paracenteses and one had pronounced jaundice; all had hypoalbuminemia, the mean of the albumin values of the five patients being 2.58 grams per cent by Howe sodium sulfate fractionation. As illustrated in Figure 6 and Table VI, the electrophoretic patterns after sustained recovery appear very nearly normal with but minimal deviations from the normal range.
DISCUSSION
The five patients in Group I initially had marked diminutions of the albumin fractions and elevations of the gamma-globulin fractions, with somewhat less elevated beta-globulins. During the course of medical management the serum proteins underwent progressive evolution in the direction of normal, coinciding with clinical improvement. The progress of the three patients in the group treated with diet alone indicates that this is not a perfectly strict relationship. J. B., who improved only partially (the ascites disappearing, but the jaundice persisting), had fully as pronounced a change of the electrophoretic pattern toward normal as did J. K. with complete clinical recovery. Moreover, M. S., whose clinical improvement was more marked than J. B.'s, had less evolution toward a normal serum protein composition, the PORTAL (6), i.e., marked elevation of the albumin and depression of the globulin fractions, presumably due to dilution. The changes beginning shortly thereafter consist of some decline of the albumin and rise of the gamma-globulin and other globulin fractions. These ensuing alterations have apparently not been described by previous investigators of human albumin infusion therapy. The phenomenon was observed in the two administrations of human albumin to P. F. and also in a patient with cirrhosis of uncertain etiology not included in the present study. The significance of these observations remains to be determined. It is possible that as the administered albumin left the circulation the plasma volume decreased with resultant concentration of the globulin components.
Comparison of the alterations of the serum proteins with the various tests of hepatic function performed simultaneously fails to reveal any clearly evident direct correlation. SUMMARY 1. The effects of medical management on the serum proteins in ten proven cases of portal cirrhosis have been investigated by the electrophoretic method.
2. Serial electrophoretic analyses of the sera of patients with ascites revealed progressive change in the direction of normal, coinciding with clinical improvement during the administration of a high protein, high carbohydrate, high caloric diet for periods ranging up to ten months.
3. Infusions of plasma or salt-poor concentrated human albumin were followed by pronounced and immediate elevations of the serum albumin -values.
4. Shortly after the administration of human albumin, some decline of the elevated albumin value was observed, with rise of the gamma-globulin and other globulin fractions.
5. In five patients who had clinically recovered from severe portal cirrhosis and had been asymptomatic for more than two years the electrophoretic patterns were very close to normal.
6. The alterations in the serum protein pattern in portal cirrhosis are not irreversible; with prolonged medical management and clinical recovery, the proteins may revert practically to normal.
